While up to 45% of individuals with intellectual and developmental disabilities (IDD) have a comorbid psychiatric disorder, and antipsychotics are commonly prescribed, gender differences in the safety of antipsychotics have rarely been studied in this population.
Intellectual and developmental disabilities (IDD), affecting about 1 in 100 individuals, are neurodevelopmental disorders characterised by limitations in the intellectual and adaptive functioning leading to difficulties to cope with everyday life in areas such as communication, social and self-management skills. 1 Antipsychotic medication is one of the most commonly prescribed medications for individuals with IDD, 2 partly because of the high risk for comorbid psychiatric disorders such as psychosis, bipolar and even major depressive disorder and anxiety disorders in this group, 3, 4 but also because antipsychotics are prescribed in an 'offlabel' manner for the challenging and aggressive behaviours that often accompany IDD, despite evidence demonstrating that the effectiveness of antipsychotic medication in this situation is fairly equivocal. 5, 6 A significant amount of research suggests that individuals with IDD are susceptible to the metabolic side effects of atypical antipsychotics, including weight gain, metabolic syndrome and its resultant cardiovascular effects. 7, 8 However, research in IDD populations has been limited in its consideration of the impact of gender on the development of antipsychoticrelated side effects. In non-IDD populations, gender differences have been observed in relation to antipsychotic side-effects, with some evidence suggesting greater susceptibility among women to weight gain, thromboembolic disease and QT interval prolongation that can trigger a potentially fatal arrhythmia. 9, 10 This has allowed for more personalised counselling for patients and providers around antipsychotic use generally. However, it is not known whether similar gender differences exist among individuals with IDD as previous studies have been in small clinical populations (mostly N<30) and with short follow-up periods of less than 1 year. 8, 11, 12 Therefore, we undertook a population-based study among adults aged 18-64 with IDD in Ontario, Canada, who were newly prescribed antipsychotic medication between 1 April 2009 and 31 March 2012. Our objective was to compare men and women newly starting antipsychotic medication with respect to the incidence of metabolic and cardiovascular adverse events that have been previously associated with antipsychotic medications -including diabetes mellitus, hypertension, venous thromboembolism, acute myocardial infarction, stroke and death.
Method Study design
This was a population-based cohort study comparing men and women with IDD newly prescribed antipsychotic medication on their risk for adverse metabolic and cardiovascular events between 1 April 2009 and 31 March 2012. Participants were followed up until 31 March 2013, allowing a minimum of 365 days of followup data to capture outcomes for each individual in the cohort, with a maximum follow-up of 4 years.
Data sources
Data were analysed at the Institute for Clinical Evaluative Sciences (ICES) in Toronto, Ontario, Canada. ICES is a non-profit research organisation where patient-level records from health administrative data sources are linked using encoded identifiers derived from the health card number of every resident of Ontario. Individuals without health card numbers or for whom health card numbers were invalid could not be linked, but comprise a very small minority of Ontarians. For the current study, ICES health datasets were additionally linked with data from the Ontario Ministry of Community and Social Services to allow for more complete identification of individuals with IDD compared with health data alone. 13 At ICES, we used the Ontario Drug Benefit (ODB) programme database to capture information on prescription of antipsychotic drugs and other medications.
14 This publicly funded drug programme provides prescription coverage to individuals who are eligible because of factors such as unemployment, disability, high prescription drug costs relative to net household income and/or receipt of home care services in Ontario. The ODB captures more than two-thirds of individuals with IDD in the province. 1 The Registered Persons Database (RPDB) that consists of date of birth, gender, postal code and date of death (where applicable) was used to define exposure groups, mortality outcomes and provided participant demographic information. Hospitalisation diagnoses were obtained from the Canadian Institute for Health Information Discharge Abstract Database (CIHI-DAD), to which all hospitals in Ontario submit demographic and clinical information about all admissions and discharges using standard diagnostic (International Statistical Classification of Diseases and Related Health Problems, 10th Revision, Canadian version, or ICD-10-CA) and procedural/interventional codes (Canadian Classification of Health Interventions, CCI); 15 and the Ontario Mental Health Reporting System (OMHRS), which contains mental health clinical and administrative data on adult patients, collected in all facilities in the province of Ontario with designated in-patient mental health beds. 16, 17 Out-patient diagnoses and utilisation was obtained from the Ontario Health Insurance Plan (OHIP) database, which collects out-patient physician service information from Ontario physicians who are reimbursed after submitting claims to OHIP for each service provided.
Participants
Participants were drawn from a larger cohort of 66 484 adults with IDD aged 18-64 as of 1 April 2009. 13 We used a conceptual definition of IDD aligned with Canadian legislation and with commonly used international clinical definitions. 18, 19 The conditions covered are characterised by lifelong limitations in cognitive and adaptive functioning that originate before age 18 and impact on activities of daily living. The definition therefore includes a broad range of conditions, neither based on aetiology nor an overall IQ score. The definition included autosomal and chromosomal anomalies, fetal alcohol syndrome, autism and pervasive developmental disorders, and intellectual disability (formerly labelled 'mental retardation'). A complete list of ICD-9, ICD-10 and DSM diagnostic codes used to capture these diagnoses is available in our manuscript describing cohort creation. 13 Individuals were considered to have an intellectual and/or developmental disability if they had any of these diagnostic codes recorded in health administrative data since database inception (≥2 physician visits or ≥1 emergency department visit or hospitalisation since 1992, 2000 and 1988, respectively) or in documentation for the Ontario Disability Support Program.
In our sample, we considered all those from the larger cohort who were eligible for publicly funded drug coverage under the ODB programme and who were aged 19-64 so as to allow for a minimum of 1 year look back to collect information on prescribed medications. We identified those who were newly prescribed at least one antipsychotic medication between 1 April 2009 and 31 March 2012 in order to compare outcomes between men and women. Antipsychotic medications available for prescription from the ODB during the time period under study are in Table 1 . A prescription was considered new when there was no prescription for any antipsychotic medication in the year preceding initiation. Gender was determined from the ICES RPDB according to the information provided for each individual's provincial health card registration. For analyses related to incident diagnoses of diabetes mellitus and hypertension, those who were previously diagnosed with these diseases were excluded given that they were not at risk for the outcome (i.e. because they were already prevalent cases).
Outcomes
Study outcomes were metabolic and cardiovascular complications known to be associated with antipsychotic use: hypertension, diabetes mellitus, venous thromboembolic disease, acute myocardial infarction and stroke. We used validated algorithms to identify chronic hypertension (sensitivity 0.72, specificity 0.95), 20 diabetes mellitus (sensitivity 0.86, specificity 0.97) 21 and thromboembolic disease (specifically deep vein thrombosis or pulmonary embolism; sensitivity 0.87, specificity 0.78) using hospital-based diagnoses and out-patient fee claims. 22 Acute myocardial infarction and stroke were identified using hospital-based diagnoses only because these conditions primarily present in hospital and the validity of the primary diagnostic field in Ontario hospital databases is good. 15 All-cause mortality, or death, was also evaluated as an outcome variable determined from the ICES RPDB.
Covariates
We captured sociodemographic information including age, place of residence (urban/rural) and socioeconomic status using neighbourhood income quintile based on information from the ICES RPDB. Information on medical and psychiatric diagnoses and health service use in the 2 years prior to cohort entry was derived from in-patient and out-patient databases. The Resource Utilization Band (RUB) was used as a summary measure of healthcare resource intensity. It is a value between 0 and 5 that is used to classify persons based on predicted use of healthcare resources (0 = lowest expected healthcare utilisation; 5=highest expected healthcare utilisation). The RUB is established using a validated method, which considers information including age, gender, and diagnoses. 23 We also determined the type of antipsychotic medication used, and whether the index antipsychotic prescription led to continuous use, with continuity defined as filling at least two prescriptions in succession with no more than 1.5 times the number of days specified on the first prescription elapsing between prescriptions.
Statistical analysis
We compared the baseline characteristics of men and women using standardised differences, with differences of >10% indicating significant differences between groups. We reported the time to the development of each outcome using cumulative incidence of the outcome within these two strata. Cox's proportional hazards models were created to first determine the crude hazard ratio (HR) and 95% confidence interval associated with antipsychotic use and each outcome. Covariates were then added to these outcome specific models to arrive at adjusted hazard ratios (aHR) and 95% CI comparing women with men as the referent group using Cox's proportional hazards regression. Hazard ratios were adjusted for covariates where the standard difference between groups was >0.10. While consensus is not absolute as to what value of a standardised difference denotes important residual imbalance, it has been proposed that a standardised difference of 0.1 (10%) denotes meaningful imbalance in the baseline covariate. 24 In all Cox's proportional hazards models, the time to the first occurrence of each outcome was used to determine the time to event. Individuals were censored either at the time of death or at the end of the follow-up time period. We conducted sub-analyses by the specific type of antipsychotic medication when sample size allowed. For all outcomes (except mortality), death presented a possible competing risk where individuals who died before development of the outcome of interest would have been considered event free in a standard proportional hazards regression. 25 If the pre-event mortality rate differs between the two groups, this could confound the estimate of the outcome risk. As such, in sensitivity analyses for all outcomes except death, we conducted a competing-risks analysis using the Fine & Grey model that extends the Cox proportional hazards model to competing-risks data by considering the sub-distribution hazard. 26 In this analysis, individuals who die prior to the development of the outcome of interest are left uncensored in the risk set to generate a more direct cumulative incidence of the outcome, and then appropriately accounted for by weighting in the bivariable analysis. The competing-risks approach can allow for a more realistic representation of the relationship between covariates and specific outcomes in the setting of competing risks. 26 We obtained cumulative incidence function curves to describe the time to event after accounting for the competing risk of death for each of the other outcomes.
Analyses were performed at ICES using SAS 9.3 for Unix. 27 Permission to complete this study was granted by the Centre for Addiction and Mental Health and Sunnybrook Health Sciences Centre Research Ethics Boards in Toronto, Ontario, Canada.
Results
We identified 1457 women and 1951 men with IDD who newly started an antipsychotic medication between 1 April 2009 and 1 March 2010. Nearly, 90% of these were prescribed secondgeneration, or atypical, antipsychotic drugs, with the most commonly prescribed being quetiapine, risperidone and olanzapine (Table 2) . Quetiapine was more commonly prescribed for women than for men. Olanzapine and risperidone were more commonly prescribed for men than for women. Women newly starting antipsychotic drugs were slightly older than men, had higher healthcare utilisation overall (46.3% v. 38.2% in the two highest utilisation brackets) and were more like to have diabetes mellitus prior to starting antipsychotic medication (15.4% v. 11.1%). Almost 80% of women and men had received at least one psychiatric diagnosis in the 2 years prior to starting antipsychotic medication. Diagnoses were similar between groups, except for alcohol and substance use disorders that were more common in men than in women (14.7% v. 10.5%). While both groups had high numbers of concomitant prescription medications, women were taking more unique medications overall and were more likely to be taking antidepressant drugs compared with men (52.8% v. 41.0%). Women had slightly higher cumulative incidence of all outcomes, except for hypertension, over the study period (Table 3) . However, there were only two significant differences between groups. Women had higher incidence of venous thromboembolism compared with men (cumulative incidence 10.5% v. 2.7%) before and after adjustment for confounding factors. Women also had a higher cumulative incidence of death compared with men (4.8% v. 3.2%) before, but not after, adjustment for confounders. We were able to perform sub-analyses by type of antipsychotic drug for quetiapine, olanzapine and risperidone (Fig. 1 ). There were no significant differences between men and women in risk for any of the outcomes in either crude or adjusted analyses.
Sensitivity analyses for a competing risk for death revealed that the pre-outcome risk for death did not differ between groups except for diabetes mellitus where 45 women (3.6%) and 37 men (2.1%) died before developing diabetes mellitus (HR 1.75, 95% CI 1.12-2.70). However, the competing risk analysis did not measurably change the relationship between gender and development of diabetes (aHR 1.10, 95% CI 0.75-1.61) (Fig. 2) .
Discussion
This is the first population-based study to explore differences in medical outcomes between men and women among adults with IDD newly initiating antipsychotic medication. The women in our cohort were older and appeared to be more complex medically than the men overall, with greater healthcare use and more prescribed medications at baseline. Although the baseline rate of metabolic problems even prior to the initiation of antipsychotic medication was high in both groups, women had higher rates of metabolic problems such as diabetes mellitus than their male counterparts at baseline. Once antipsychotic medication was initiated, women appeared to be at higher risk than men for serious outcomes including venous thromboembolism and death. Some of this increased risk, at least for mortality, was explained by the older age, higher baseline medical morbidity and a greater number of concomitant medications among women. Interestingly, men and women appeared to be at equal risk for some of the other side-effects traditionally associated with the metabolic syndrome such as diabetes and hypertension. The type of antipsychotic medication initiated tended to be different in men v. women, but sub-analyses by type of antipsychotic did not reveal differences between groups on medical outcomes.
The slightly older average age of women v. men and their greater medical complexity are of some interest. The higher medical complexity that we observed among women compared with men is consistent with previous literature demonstrating higher healthcare utilisation, higher rates of prescriptions for antidepressant and other medications, and higher rates of medical morbidity, including diabetes mellitus among women v. men with IDD. 28, 29 However, this does not explain why women were older at baseline. It is possible that there is a higher threshold for prescribing to women, either because of their higher medical morbidity, or because women tend to be perceived as less threatening when agitated than men with IDD, 30 and therefore providers may be more apt to attempt behavioural rather than pharmacological strategies until later in the course of an individual's illness. It is possible that the prescribing patterns that we observed to some extent support such a hypothesis. About 90% of individuals in our cohort were using atypical antipsychotic medications. This is consistent with literature reporting that second-generation antipsychotics are now the primary type of antipsychotic medication being prescribed to individuals with IDD, mainly because of the severe side-effect profile related to extrapyramidal side-effects and movement disorders of the older, typical or first-generation antipsychotic medications.
2,31,32 However, women were more commonly prescribed quetiapine, a sedating antipsychotic that can be prescribed initially in a very low dose that is often sufficient for behavioural management, and often takes weeks to titrate to an antipsychotic dosage. In contrast, men were more commonly prescribed risperidone or olanzapine, medications that can be titrated more quickly and may be more readily used in the setting of aggression.
Once antipsychotic medication was initiated, we found that there were relatively high rates of several of the adverse outcomes for both men and women. For example, depending on gender, the cumulative incidence was 4-5% for diabetes, 5-6% for hypertension, and there was a cumulative incidence of 3-4% for death over the study period. In general, these cumulative incidence estimates for the development of the stated medical outcomes are fairly conservative compared with previous literature on this topic for individuals with IDD demonstrating high risk for weight gain and the metabolic syndrome. 11, [33] [34] [35] [36] [37] However, most previous studies have been clinical, rather than population-based, and tended to focus on weight gain and obesity but not diagnoses of diabetes and hypertension per se. 8, 12, 38 The fact that we observed such a high cumulative incidence of death over the study period for relatively young individuals (i.e. average age of 38 for men and 40 for women at antipsychotic initiation) suggests that, in fact, this is a very high-risk population in general.
Our findings of an increased risk for venous thromboembolism among women are consistent with research conducted in populations with psychosis who initiate antipsychotics, 10 where it is thought that women are more highly susceptible to antipsychotic induced activity in the coagulation system 39 and may also be at higher risk compared with men because of the addition of genderspecific risk factors such as hormonal oral contraceptive use and pregnancy. 40 Hazard ratio (95% Cl) 3.0 3.5 4.0 4.5 5.0 Fig. 1 Comparison of outcomes in women v. men by antipsychotic subtype, presented with number in the sample (n=women; men), and with crude (black circle) and adjusted (green square) hazard ratios and 95% confidence intervals. Hazard ratios adjusted for age (continuous), Resource Utilization Band and total number of medications (continuous). Thromboembolism estimates additionally adjusted for previous venous thromboembolism. Vigod et al risk for other medical outcomes, nor for death after adjusting for baseline medical morbidity. This is inconsistent with the evidence from studies comparing men and women with schizophrenia showing that women may be at greater risk of developing some of the metabolic side-effects associated with use of atypical antipsychotic medication, and at higher risk for QTc interval prolongation, which can lead to fatal arrhythmias and death. 10 The reasons for this require some consideration, especially in light of the results of previous work on gender differences in certain metabolic symptoms conducted among individuals with IDD. 42 One clinical study found that, among participants who had used antipsychotic medication for a year or more, female gender was associated with high waist circumference, and predicted higher scores on measures of body mass index after taking antipsychotic medication. 42 However, female gender was also associated with high HDL-cholesterol level at baseline and after antipsychotic initiation, a favourable sign with respect to the metabolic syndrome. Our study is not directly comparable as we considered medical diagnoses, not metabolic symptoms, and so perhaps there are subtle gender differences in metabolic parameters that are simply not borne out in hard outcomes such as diabetes, hypertension, myocardial infarction and stroke. Alternatively, it may be that gender differences observed in first-episode psychosis populations newly starting antipsychotics where most individuals are initially medically healthy are attenuated in a population like ours where the average age and baseline medical morbidity is already so high.
Strengths of this study are that it is large, population-based, and provides comprehensive coverage of individuals with IDD with ability to report on important health outcomes that have been validated for use in administrative data. We were also able to incorporate the concept of death as a competing risk for our outcomes to assure the most accurate cumulative incidence estimates. While health administrative data provide information only on dispensed medications (i.e. not on whether the medications were taken), the ODB prescription data have been shown to be accurate and reliable in validation studies. 14 We were limited in our inability to measure more clinical outcomes such as weight gain, laboratory measures of metabolic markers and cardiac changes through electrocardiograms; and we did not measure the impact of antipsychotic dosage in the current analysis. In addition, we only conducted our investigation in adults aged 19-64, and so the study findings cannot necessarily be generalised for children, or for elderly individuals with IDD. Common to all observational studies, and most using population-based data, the possibility remains that some of the observed effects could be explained by residual confounding.
Our study is situated in literature that is beginning to pay significant attention to concern over high rates of antipsychotic prescriptions in those with IDD. 2, 6, 43 Our findings go a step further by taking gender into account as it pertains to medical outcomes in a population-based sample of new antipsychotic users. Our results speak to the importance of careful consideration of the risks and benefits of prescribing antipsychotic medication to women and men with IDD; and illustrate that gender should be considered in the risk-benefit discussions about prescribing. They underscore the need to attend to the metabolic health of individuals with IDD prior to initiating antipsychotic medications, and to initiating interventions proactively to prevent the development of or manage the complications of pre-existing diabetes and heart disease. This may include behavioural interventions such as smoking cessation and diet management, and/or preventive medical interventions as needed to optimise glucose control, blood pressure and/or cholesterol levels as indicated. They also serve as a reminder of how important it is to monitor for metabolic and cardiac side-effects among both men and women with IDD newly starting antipsychotic medication, particularly in the context of some studies that show a lack of consistent monitoring of metabolic changes in patients with IDD. 7, 11, 44 Women may be at particularly high risk for venous thromboembolic disease after new initiation of antipsychotic medication and this should be considered in the clinical care of women newly starting antipsychotic medication. 
